Abstract
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune rheumatic disease characterised by an aberrant autoimmune response to self-antigens that can affect any organs or tissues and is associated with multiple clinical features (1) . SLE treatment usually includes glucocorticoids (GC) and other immunosuppressive drugs according to the severity of the disease (2) . However, GC are associated with many side-effects and increased damage. Gladman et al. reported glucocorticoid related damage (measured by Systemic Lupus International Collaborating Clinics (SLICC)/ American College of Rheumatology (ACR) Damage Index) in 49% of cases at follow-up after 15 years (3) . Another study demonstrated that a prednisolone dose >6mg/day was associated with higher risk of damage (4) .Thus, other forms of treatment are necessary in order to reduce the GC burden. B cell depletion treatment (BCDT) seems to be a valid option, since B cells have an important role in the pathogenesis of SLE through cytokine production, presentation of self-antigens, activation of T cells and antibody production. Rituximab (RTX) is a chimeric mouse/ human monoclonal antibody against CD20 antigen on B cells and with low toxicity profile (5) . Two major clinical trials of RTX, LU-NAR (6) (patients with lupus nephritis) and EXPLORER (7) (patients with extra-renal SLE) failed to meet their endpoints. However, concerns have been expressed about the patient selection, disease activity, end-point parameters and therapeutic protocols in those trials. Furthermore, there are many open-label studies that report a favourable clinical response with BCDT (reviewed in (8) ) and RTX is now recommended in guidelines issued by European League Against Rheumatism (EULAR) (9) and ACR (10) for lupus nephritis and by the British Society for Rheumatology for more diverse SLE features (11) . The potential capacity of BCD to reduce concomitant steroids has also been reported (12) . BCDT with RTX was introduced at University College Hospital (UCLH) in 2000. Since then the Centre for Rheumatology has treated 165 lupus patients, the vast majority of whom have failed a combination of steroids and two or more immunosuppressive drugs. In our prior publications, we have focused on the patients for whom this approach has been the most successful. Here we aim to identify patients who failed to respond and to address the question of whether there are any obvious distinguishing features, which will help the physician to personalise a patient's treatment.
Methods
We reviewed all 165 patients diagnosed with lupus of the Centre for Rheumatology of UCLH treated with RTX until March 2018 and collected the data up to 6 months after the first RTX treatment. We excluded patients who developed allergic reactions or had discoid lupus only (18 patients), two patients who have been treated on the onset of mild disease only (without A or B scores at baseline) and one patient that has been lost follow-up. We have identified those patients who still had active disease after 6 months. This was defined by BILAG scores with new or persistent A or B scores. The deceased patients during this period were also considered to be failures. We recorded demographic characteristics; organ involvement; serological markers of disease activity such as anti-double-stranded DNA (dsDNA) antibody titres and serum complement (C3) levels; antinuclear antibodies (ANA); extractable nuclear antibodies (ENA) (anti-Ro, anti-La, anti-Sm and anti-RNP antibodies) and circulating B lymphocytes (CD19 + ). The previous treatment drugs were also recorded. We used the classic BILAG assessments and letter scores were converted into numbers: A=12; B=5; C=1; D/E=0 (13) . BCD was considered to have been achieved when the absolute CD19 count decreased do <0.005x10 was used to compare means of quantitative variables whenever the data meet the assumptions of the parametric test. Non-parametric test was used to compare quantitative variables in small samples that violate the assumption of normality. The ethics committee at University College Hospital regards this type of study as an audit not requiring formal ethical approval.
Results

Demographic characteristics
We reviewed the data on 144 patients with a mean age of 34.79 years (SD 12.45); 93.1% female; 41.7% Caucasian, 36.8% African-Caribbean and 6.3% South-Asian. The median disease duration was 6.68 years (IQR 2.32-11.90). As demonstrated on Table I , there were no significant differences in terms of age, gender, ethnicity and duration of disease.
Specific treatments
Most of patients in this study (74.3%) had failed a combination of steroids and two or more immunosuppressants. The great majority of patients (98.6%) were being treated with prednisolone before beginning RTX treatment. There were no significant differences between the 2 groups in relation to previous medication with 4 or more drugs (p=0.74).
Disease activity measured by BILAG score
Twenty patients (13.9%) failed to decrease their BILAG score at 6 months. Most of the patients (73.6%) decreased their score ≥5 points and 67 patients (46.5%) lost all their A and B scores without the development of new ones 6 months after RTX treatment. The mean decrease in global BILAG was 8.00 (IQR 4.00-16.25). The median BILAG score at baseline was 15.00 (IQR 11.00-22.75). The median score was lower in the "failure group" (8.50, IQR 6.00-12.75) compared to patients in whom RTX was successful. In this later group higher scores were noted at the time of treatment (17.00, IQR 12.0-23.0) (p<0.001) ( Table II, Fig. 1 ). 
Organ involvement
021).
No other significant differences in specific organ/systems, or the numbers of organs/systems involved were observed between the groups.
Serological markers
The great majority of patients (96.5%) had positive ANA at the time of the first RTX infusion. Anti-Ro antibody was present in 74 patients (51.4%), anti-La antibody was positive in 32 patients (22.2%), anti-Sm antibody was present in 45 patients (31.3%) and 66 patients (45.8%) had a positive anti-RNP antibody. Anti-cardiolipin antibody (IgG or IgM) was positive in 26 patients (18.1%), anti-beta2-glycoprotein antibody (IgG or IgM) was positive in 8 patients (5.6%) and 16 patients (11.1%) had positive lupus anticoagulant. Anti-dsDNA antibody was high at baseline in 92 patients (63.9%) and 93 patients (64.6%) had low C3 levels. In the group of 6 patients with renal failure, there was a significant difference between patients with high antids-DNA antibody (p=0.028) but no sig- 
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nificant difference concerning low C3 levels (p=0.234). No other significant differences between the groups were seen regarding the presence of specific autoantibodies or low C3 values. BCD (measured by CD + 19 levels after treatment) was achieved in all patients except 8 (5.6%), although, interestingly, only one of these failed to show some benefit. There are no significant differences between the groups that showed clinical benefit and the "failure group".
Mortality
Of the 144 patients two died during the 6-month post RTX period. One patient unfortunately died after an RTX infusion and concomitant cyclophosphamide to an acute respiratory distress syndrome (thought to be a reaction to cyclophosphamide) and another due do infective endocarditis with mitral valve disorder.
Discussion
A minority of our SLE patients (13.9%) treated with RTX failed to respond to BCDT with RTX at 6 months and, as mentioned above, there were no differences in BCD response between the 2 groups. Although there is an established correlation between BCD and clinical response (8), some patients who achieve BCD, still do not achieve a favourable clinical response after treatment. Lazarus et al. (14) demonstrated that some patients with low B cell levels relapsed with high anti-dsDNA antibody levels while other patients relapsed with Patients that failed to respond to BCDT had lower BILAG scores at baseline compared to patients who did not fail to this treatment. Arguably, the presence of higher disease activity, and therefore higher BILAG scores, provides a greater possibility to demonstrate clinical improvement as compared to these patients with less active disease.
Although the main aim of this study was to understand why some patients fail to respond to RTX treatment, we also conclude that patients with renal involvement tend to fail RTX treatment less often. Those patients also had higher disease activity with high anti-dsDNA antibody levels. This study has some limitations. It is retrospective and the full previous drug dosage and exact duration of previous treatments were difficult to collect comprehensively. It would be also interesting to evaluate BLyS levels in further studies in patients treated with RTX who fail to respond. The purpose of this study was to evaluate whereas there were specific characteristics that could predispose to RTX failure in patients with SLE but we could not identify them, except for lower BILAG score at baseline in those patients (which could simply reflect a less effective response in patients with less active disease).
Key messages
• Patients with lower BILAG scores tend to fail more to RTX treatment • Patients with renal involvement fail less to RTX treatment • RTX is an effective treatment in SLE patients
